The purpose of this study is to understand among a convenience sample of 400 adults aged 60 years of age or older (1) reasons for being willing or unwilling to participate in a vaccine clinical research study and (2) overall perceptions about vaccine clinical research. A cross-sectional study using a sample of older adults residing in the metro-Atlanta area and surrounding neighborhoods was conducted. The study questionnaire contained 37 questions, including questions about socio-demographics and perceptions about clinical trial processes. Statistical analysis was conducted using logistic regression. The adjusted modeling results indicated that sex, distance to research clinic, and being informed about the research findings played a role in the likelihood of an elderly person participating in a vaccine study. Males were more likely to participate in clinical trials as compared to females (OR: 2.486; CI: 1.042-5.934). Most participants were willing to travel up to 25 miles from the research clinic. Of the respondents, 45% were unlikely to participate if the results of the current trial are not shared. Improving access to clinical trials in terms of distance traveled and ensuring streamlined processes to inform participants about the results of the trial in the future would increase willingness to participate in vaccine clinical trials. The survey could serve as a useful tool for conducting vaccine studies and other clinical trials by understanding the barriers specific to the elderly.
Introduction
Adults 60 years of age or older are often under-represented in clinical research [1] [2] [3] [4] [5] [6] [7] [8] . This under-representation may be because older adults are more likely than young adults to have adverse effects, be lost to follow-up, or discontinue treatment given the presence of multiple chronic conditions, such as arthritis and cardio-metabolic diseases [5, 9, 10] . However, studies investigating a preventative or therapeutic strategy for the general adult population require the inclusion of older adults to ascertain more accurately the benefits or risks to adults. For example, several vaccine research studies, such as those focusing on pneumococcal disease and Clostridium difficile infection, have targeted older adults because of the increased risk of these infections among older adults. Furthermore, the increasingly aging population (Administration of Aging 2015) will require a better understanding of effective therapies for this population and, therefore, greater inclusion of older adults in clinical trials such as vaccine studies. In 2005, a national initiative in the U.S.-the Eliminating Disparities in Clinical Trials (EDICT)-was launched to address the under-representation of older adults in clinical trials [2] .
Vaccine trials are imperative for the development of vaccines that can prevent an individual from acquiring a disease or condition and prevent the spread of the condition in the community. In order to successfully include older adults in vaccine clinical research studies, a greater understanding of factors associated with a participant's willingness to participate is needed. Although literature exists about potential determinants or predictors for the inclusion of older adults into research studies investigating various health topics [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , most of these have focused on older adults with a specific health condition, such as cancer, or demographic characteristic, such as race. However, participants may be more reluctant to participate in a vaccine clinical trial given the complexity of these trials, perceived risks, and time and effort required from participants.
To our knowledge, no study has focused on factors associated with recruitment of older adults into clinical trials testing vaccines among a general (i.e., no specific demographic characteristic) sample of older adults with relatively good health. The purpose of this study is to understand among a convenience sample of 400 adults aged 60 years of age or older (1) reasons for being willing or unwilling to participate in a vaccine clinical research study and (2) overall perceptions about vaccine clinical research.
Methods

Study Population
A cross-sectional study was conducted using a convenience sample of 400 older adults at least 60 years of age residing in the metro-Atlanta area and surrounding neighborhoods. To be included in the study, adults had to be 60 years of age or older, able to understand English, and have no apparent or self-disclosed mental or physical impairment preventing them from completing the informed consent and study questionnaire.
Recruitment and Enrollment
Recruitment took place between November 2016-April 2017 in senior housing facilities for low to high income, recreation centers, learning institutes for seniors, and multipurpose senior centers. Two trained study staff visited these facilities on days and times approved by the facilities, which were usually between 9:30 a.m. and 3:00 p.m. on weekdays. Some facilities posted study flyers at their facilities before the study team's visit. Potential participants approached at the facilities were given the option to complete the informed consent and study questionnaire at home and mail back the documents.
At enrollment, the study questionnaire was given to each participant; if the potential participant was recruited in-person, then the questionnaire was either self-administered or read to them by a trained study staff member. If the potential participant was recruited over the phone, then a trained study staff read the questionnaire to them over the phone or sent the questionnaire to them by mail with a return envelope. Written informed consent was obtained for surveys completed in person and verbal informed consents for surveys completed by phone. A total of 485 participants were approached, of which 85 participants did not give informed consent and refused survey participation.
Staff Training and Data Management
All study staff were trained on the informed consent process, good clinical practices, and human subject protection policies and standards. We obtained approval from the Emory Institutional Review Board before conducting the study. The participants were asked to not include their names or any other personal contact information in the questionnaires. All questionnaires were labeled with an identification number of the participant. All completed surveys and signed informed consents were kept in a locked cabinet at the study office. Data entered in the study database was de-identified. Participants were given a $10 gift card as compensation for completing the study questionnaire.
Study Variables
The study questionnaire contained 37 questions, including questions about socio-demographics; physical health and well-being; and knowledge, beliefs, and concerns about participating in clinical research or about the clinical trial process. The outcome variable was the willingness to participate in a vaccine-related clinical trial (yes versus no). Independent variables considered for this study were those found to be associated with participation in research among older adults in prior research. Most variables were categorical except the variables about beliefs and concerns, which were ordinal, and age, which was continuous. Likert scale was used as an assessment tool to understand participants' perspectives on vaccine clinical trials. Table 1 includes socio-demographic and health status variables. Socio-demographic variables included age, sex, race, highest grade of school or year of college completed, marital status, employment status, and means of transport to the clinic. Health status variables included health status grading, health limitations, supervised care for chronic conditions, health problems requiring the use of special equipment, use of multiple prescription medications, stress related to buying nutritious meals, and need for emotional support. Table 2 includes variables related to population characteristics and perceptions about clinical trials.
Statistical Analysis
Descriptive of all variables were performed, including mean and standard deviation for age (continuous variable) and count and percentages for all other variables (categorical variables). The association between each of the dependent variable and each of the independent variables was tested using unadjusted binary logistic regression models. Variables found statistically associated with the dependent variables at the 0.05 alpha level were included in the final (adjusted) logistic regression model. Age, sex, and race/ethnicity were included regardless of significance and were included in the model first. All other independent variables were included sequentially, with the demographic variables first. The final (adjusted) logistic regression model included age, sex, race, the highest grade of school or year of college completed, previous participation in a vaccine-related clinical study, being informed in the future about the research, distance to research clinic, health status, and health limitations. Model fit of the adjusted model was assessed using the Hosmer-Lemeshow test. Odds ratio were computed for the variables included in the (adjusted) logistic regression model and a confidence interval of 95% was used. The data analysis for this paper was generated using SAS ® software, Version 9.4 of the SAS System. Copyright ©2012-2017 SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA.
Results
This survey was conducted among 400 participants across a diverse demographic population, including White/Caucasian (60.05%), Black/African American (30.26%), and Hispanic (4.10%) participants. Females formed a majority of participants (69.00%. The mean age of the population was 75.33 ± 8.80. Just over a quarter (25.50%) were currently married, while 32% were widowed. Of the participants, 93.50% had completed high school, while 46.25% had completed college or post-college education. Table 1 lists the socio-demographics and overall health status of participants. Majority of the respondents (64.34%) were willing to participate in vaccine clinical trials; however, 75.00% had never participated in a clinical trial before. Three-quarters (75.00%) were retired from their occupation and most of them used Medicare as health insurance (55.59%). Many respondents (79%) perceived to be in good, very good, or excellent health status. However, 30.33% had limitations due to physical, mental, or emotional problems, and 25.25% had a health problem requiring the use of specialized equipment, such as a cane, a wheelchair, a special bed, or a special telephone. Of the participants, 38.25% were under supervised care from a doctor or healthcare provider for a chronic medical condition, and 74.00% were taking multiple prescription medications. Some 42.00% had been worried or stressed about having enough money to buy nutritious meals at least once in their lifetime. Further details about population characteristics and perceptions about clinical trials among participants are shown in Table 2 . Note: Numbers do not add up to 100% because "don't know" and "refuse" responses were removed from the table but included during analysis. * Some participants had multiple types of health insurance, hence the total exceeds sample size. Males were more likely to participate in clinical trials as compared to females (OR: 2.486; 95% CI: 1.042-5.934). Most participants, i.e., 51.75%, were willing to travel up to 25 miles from the research clinic, whereas 24.75% agreed to travel no more than 15 miles, 17.75% would travel no more than 5 miles, and 9.25% would travel no more than 25 miles. Some participants (8.75%) said that they would travel to a research clinic regardless of how far it was. The odds ratio of traveling no more than 5 miles was 2.501 (95% CI: 0.966-6.475), no more than 15 miles was 5.194 (95% CI: 1.913-14.105) and no more than 25 miles was 3.205 (95% CI: 0.774-13.276). In regard to the means of transport, 46.50% drove their vehicle, 20.50% used public transport, 20.25% were dependent on a friend or family member to drive them, 6.75% used hospital transport, 2.00% used taxi or bicycle and the remaining 1.50% traveled by foot. Participants were unlikely to participate if the results of current trial are not shared; odds ratio for participants who agreed/strongly agreed with that statement was 0.253 (95% CI: 0.098-0.653). Whereas 45.25% of participants were unlikely to participate if the results of a current trial were not shared, 26.50% would still participate, and 12.25% were neutral. Table 3 displays odds of willingness to participate in a vaccine study among the sample.
With respect to the source of information regarding clinical trials, 41.50% reported research clinic staff or investigator as the source, 16.75% reported the source as community events or groups, 4.75% through flyers, 3.00% heard about the studies through research clinic website, 3.00% through the radio, and 2.0% through other internet sources. Many (67.50%) were unaware that clinical trials information is publicly accessible at ClinicalTrials.gov. Survey participants with a better health status were more likely to participate in the clinical trial-excellent/very good health OR: 2.451 (95% CI: 0.808-7.431) and good health OR: 2.498 (95% CI: 0.803-7.775). Note: Hosmer-Lemeshow test was applied to assess the goodness of fit of the model, and p > 0.05 indicated a good fit (χ 2 = 5.92; df = 8; p = 0.66).
Discussion
The elderly differ from younger populations in terms of pharmacodynamics, pharmacokinetics, and study product responses. The International Conference on Harmonisation (ICH) guidelines recommend that a minimum of 100 geriatric patients should be included in Phase III clinical trials for drugs used in diseases not unique to, but present in, elderly populations to demonstrate these clinical differences [25] . Participation of elderly populations in vaccine clinical trials remains a challenge compared to drug clinical trials that offer treatments to ill patients. As a result, very few vaccine clinical trials enroll elderly subjects. Akmatov et al. conducted a survey among participants over the age of 65 for participation in a possible study on influenza vaccinations [26] . Non-participation in the study was mainly associated with the invasive nature of medical study procedures, such as blood-draws, and lengthy amount of time required for participation among other reasons [26] .
This study was designed to understand the views and experiences of elderly populations in clinical trial participation, particularly for vaccines. Most respondents were willing to participate in clinical trials and had an overall positive attitude towards participation. The adjusted modeling results indicated that sex, distance to research clinic, and being informed in the future about the research findings played a role in the likelihood of an elderly person participating in a vaccine study. The major barriers to participating in vaccine clinical trials were the distance to the research facility and not being informed about the results of the trial in the future.
Males were most likely to participate in vaccine trials compared to females, which is consistent with the findings of participation in AIDS, colorectal cancer, and lung cancer trials [27, 28] . Since males and females differ in pharmacokinetic and pharmacodynamics characteristics, it is important that females are adequately represented in clinical trials. Most frequent reasons for non-participation by women positive for HIV in clinical trials were that they would not be informed about trials, did not want to or were not interested, fear of experimentation, and ineligibility to participate [27] .
Less than a quarter of participants were willing to travel 25 miles or would travel irrespective of distance. Since elderly patients have multiple barriers to travel, such as limited mobility due to comorbidities or disabilities, inability to drive, or poor vision, it is expected that longer travel distance for research purposes would be a barrier for participation in clinical trials. Providing free transport to participants would make it easier for them to travel to research sites and perhaps increase willingness to travel longer distances. The mode of transport and availability of public transport could also play a role in deciding the optimum travel distance to the research clinic; less than half of the participants in our study drove their own vehicle. A study conducted by Bruner et al. using Geographic Information System (GIS) maps showed that participants traveled a median of 11.6 miles to participate in clinical trials [29] . It also suggested strategies to improve minority access to cancer clinical trials, including identification of minority rich areas without cooperative group site membership, assessing best practices for recruitment from sites reporting highest minority accrual, and documenting transport issues [29] .
Most of the participants were unlikely to participate if the results of the current trial were not shared in the future. Participants are generally curious to know the outcome of trials in which they participate. For ethical reasons, research teams must take the responsibility of informing participants of study results after trial termination. In cases where participants receive experimental vaccines or other drugs/devices, this could also affect their health in future and is mandatory for appropriate unblinding processes. In a study about perspectives of adult patients and parents of pediatric patients undergoing hematopoietic stem cell transplantation, many patients criticized the general lack of feedback [30] . One of the interviewed participants reported not knowing if the trial had ended and would prefer to get a notification about study outcomes [30] . Many participants enroll in trials for altruistic reasons and to contribute to scientific research and prefer to stay informed about the efficacy and results of trials. There are regulatory requirements for submitting results information for certain clinical trials to ClinicalTrials.gov per the Final Rule for Clinical Trials Registration and Results Information Submission (42 CFR Part 11) [31] . As per the International Committee of Medical Journal Editors (ICMJE), one of the conditions to publish clinical trial research results is to register the trial on ClinicalTrials.gov [31] .
The research team and investigators play a key role in the recruitment of elderly participants. If the respondent believes that the study result of a vaccine clinical trial or the study will benefit the respondent, they are more likely to participate in the study. This indicates the importance of the research team explaining the benefits and risks to the participants, primarily when the trial provides treatment or disease prevention. Almost an equal number of participants were comfortable in being part of a clinical trial if the vaccine had not been tested in humans before compared to those that were not comfortable with this situation. This re-emphasizes the significance of good consenting practices and explanation of the risk-benefit ratio of vaccines to participants. Not comprehending previous testing procedures is a possible explanation for why it is more difficult to recruit for phase I trials as unexpected side effects are usually not known at this stage. Most participants heard about clinical trials from research clinic staff or investigators, while the least number of participants reported the source of information as clinic websites or other internet sources, probably due to lack of technological knowledge and lesser use of internet resources among the elderly. Directly reaching out to this population via phone or in person at clinics or healthcare events seems to be a more successful method of recruitment as compared to internet advertisements.
The study had a few limitations. Firstly, it was conducted in metro-Atlanta area and surrounding neighborhoods, which limits the generalizability of our findings. Another limitation was the small sample size, which could potentially increase variability and bias. The survey questionnaire did not specify the specific type of vaccine or disease or phase of the trial, the response to this questionnaire and willingness to participate could be different if a specific scenario was described to participants. Lastly, this was a highly structured questionnaire, and there may be other factors that contribute to a person's willingness to participate that were not captured in the survey. Additional research in this area may be needed to further understand the barriers of elderly participation in vaccine clinical trials.
Conclusions
The survey suggests that improving access to clinical trials-in terms of distance traveled and ensuring streamlined processes to inform participants about the results of the trial in the future-would increase their willingness to participate in vaccine clinical trials. The survey could serve as a useful tool for implementing studies that recruit elderly population, and data can be subsequently used to improve recruitment and participant experience in vaccine clinical trials specifically, and drug/device clinical trials in general. Funding: This research received no external funding. Nadine Rouphael provided funds from her discretionary account.
